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57 ABSTRACT 
The invention relates to an apparatus for carrying out 
chemical reactions in the presence of at least one cata 
lyst, in at least one reaction zone equipped with heat 
exchanger plates allowing the temperature of the zone 
to be controlled. The apparatus mainly comprises a 
reactor (1), at least one central distributing manifold 
(6.1a), a plurality of distributing manifolds (6.2a), at 
least one central receiving manifold (6.5a), a plurality of 
receiving manifolds (6.4a), a plurality of connecting 
manifolds (6.6a) and a plurality of hollow, continuous, 
elongate plates (6.3a), each divided into two hollow half 
panels (6.3, 1a and 6.3, 2a). The plates are preferably 
substantially parallelepipedic and may contain adjacent 
channels having one of the following forms: square, 
rectangular, triangular, or sinusoidal. 

26 Claims, 2 Drawing Sheets 
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REACTOR AND REACTION METHOD WITH 
NTERNAL, HEAT CONTROL BY HOLLOW HEAT 

EXCHANGER PLATES 

BACKGROUND OF THE INVENTION 

The present invention relates to an apparatus, often 
used under pressure, for carrying out chemical, endo 
thermic or exothermic reactions, generally in the pres 
ence of at least one catalyst, e.g. solid, in at least one 
reaction zone equipped with heat exchanger plates 
which make it possible to control the temperature of 
this reaction zone. 
When the temperature of the reaction must be kept 

within relatively narrow limits, it is known to place in 
heat transfer apparatus in the catalytic bed, either based 
on tubes (GB-B-2 046618), or based on plates (U.S. Pat. 
No. 3,666,423) or based on grids (U.S. Pat. No. 
4,693,807), and to cause a fluid to flow inside this appa 
ratus for transferring heat the fluid generally being 
designated as heat-carrying fluid. 
The drawback in the use of a tube heat transfer appa 

ratus is due to the fact that the connection between the 
individual tubes is very cumbersome and consequently 
it is very difficult to fit the assembly correctly inside the 
reactor. The drawback of the plate heat transfer appara 
tus of the patent U.S. Pat. No. 3,666,423 is its size and its 
low efficiency. To withstand the reaction pressure, the 
plates are only partially hollowed out and the heat-car 
rying fluid thus has only a small portion of the area of 
the plates for carrying out its exchange work. 
The present invention overcomes these drawbacks. 

The plates used in the invention work under very little 
stress which makes it possible to hollow them out com 
pletely and to let the heat-carrying fluid provide the 
exchange through the whole of the available surface. In 
addition, fittings and connections are sufficiently simple 
to be carried out readily in the restricted space occupied 
by the reactor. 
BRIEF DESCRIPTION OF THE DRAWINGS 
The apparatus of the invention is of two types: 
FIG. 1 corresponds to the first type of apparatus, 
FIGS. 2 and 3 correspond to the second type of appa 

ratus. In these figures, the plates are shown as having 
flat faces (which corresponds to preferred embodiments 
of the invention) so as not to overload the figures. 
FIGS. 4a, 4b, 4c and 4d show plates in accordance 

with different improvements of the invention. 
DESCRIPTION OF THE PREFERRED 

EMBODIMENTS 
The two types of apparatus comprise a reactor 1 of 

substantially cylindrical shape whose section has a sub 
stantially circular form, at least one duct 2 for introduc 
ing a heat-carrying fluid, at least one duct 3 for with 
drawing said fluid, at least one duct 4 for introducing a 
charge into the reactor and at least one duct 5 for re 
moving the reaction effluent from the reactor. 
The apparatus of the first type is characterized in that 

it comprises (see FIG. 1): 
a) at least one central distributing manifold 6.1a, e.g. 

vertical, whose axis corresponds to the axis of the reac 
tor, which is situated in the upper part of the reactor 
and is connected to duct 2, 

b) a plurality of distributing manifolds 6.2a parallel to 
the axis of the reactor, these manifolds being connected 
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individually, towards their top, to the central distribut 
ing manifold 6.1a, 

(c) at least one central receiving manifold 6.5a, e.g. 
vertical, whose axis corresponds to the axis of the reac 
tor, which is situated in the lower part of the reactor 
and is connected to duct 3, 

(d) a plurality of receiving manifolds 6.4a parallel to 
the axis of the reactor, these manifolds being, on the one 
hand, connected individually towards their base to the 
central receiving manifold 6.5a and, on the other hand, 
situated each in the extension of a corresponding distrib 
uting manifold 6.2a, the contact surface between a re 
ceiving manifold 6.4a and its corresponding distributing 
manifold 6.2a being sealed, 

(e) a plurality of connecting manifolds 6.6a, each of 
them being, on the one hand, parallel to the axis of the 
reactor, to a distributing manifold 6.2a and to the corre 
sponding receiving manifold 6.4a and, on the other 
hand, situated in the same plane defined by this distrib 
uting manifold 6.2a, this receiving manifold 6.4a and the 
axis of the reactor, 

(f) a plurality of continuous, elongate hollow plates 
6.3a intended for flow of the heat-carrying fluid, each 
plate being divided, widthways, into two hollow half 
panels 6.3, 1a and 6.3, 2a, the contact surface between 
these two half-panels being sealed; the two half-panels 
are open on to a connecting manifold 6.6a which causes 
the two half-panels 6.3, 1a and 6.3, 2a to communicate 
together, the upper half-panel 6.3, 1a being open on to 
a distributing manifold 6.2a, the lower half-panel 6.3, 2a 
being open on to the corresponding receiving manifold 
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6.4a. 
In an improvement of the invention, the faces of said 

hollow plates are formed by corrugated metal sheets 
whose corrugations are chosen from one of the follow 
ing forms: square, rectangular, triangular, sinusoidal 
and herring bone pattern (see FIG. 4d), the aim being to 
create a high turbulence in the flow of the heat-carrying 
fluid. 

In a preferred embodiment of the apparatus of the 
first type, the hollow plates are substantially parallelepi 
pedic 6.3a. Each plate comprises two wide parallel 
faces defining a plane disposed radially with respect to 
the axis of the reactor and four thin faces, two of them 
being parallel to the axis of the reactor, the other two 
being perpendicular to this axis. In addition, each plate 
is divided, widthways, into two hollow half-panels 6.3, 
1a and 6.3, 2a, the contact surface between these two 
half-panels being sealed. These two half-panels are 
open, over the whole of their thin face parallel to the 
axis of the reactor and the furthest away from this axis, 
on to a connecting manifold 6.6a which causes the two 
half-panels 6.3, 1a and 6.3, 2a to communicate with each 
other. The upper half-panel 6.3, 1a is open, over the 
whole of its thin face parallel to the axis of the reactor 
and the closest to this axis, on to a distributing manifold 
6.2a. The lower half-panel 6.3, 2a is open, over the 
whole of its thin face parallel to the axis of the reactor 
and the closest to this axis, on to the corresponding 
receiving manifold 6.4a. The thin faces of each hollow 
plate may possibly be semicylindrical as opposed to flat. 

In FIG. 1, given by way of example, the path of the 
heat-carrying fluid through the substantially parallelepi 
pedic hollow plates will be described. 
The charge enters reactor 1 through duct 4, passes 

through the catalytic bed contained in the reactor, then 
leaves the reactor through the duct 5. The heat-carry 
ing fluid, for example autogenous (i.e. formed by one or 
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more components forming either the fresh charge or the 
reaction effluent) passes from duct 2 into the central 
distributing manifold 6.1a. The fluid is then divided out 
between the distributing manifolds 6.2a. Then the fluid 
penetrates into each of the upper hollow half-panels 6.3, 
1a through their thin face parallel to the axis of the 
reactor and the closest to this axis, these half-panels 
being disposed in the catalytic bed contained in the 
reactor 1. The fluid moves down inside the upper half 
panels in the form of a sheet. On leaving each upper 
half-panel the fluid is collected in a connecting manifold 
6.6a which causes each of the upper half-panels 6.3, 1a 
to communicate with a lower half-panel 6.3, 2a situated 
in its extension. The fluid then penetrates into each of 
the lower hollow half-panels 6.3, 2a through their thin 
face parallel to the axis of the reactor and the furthest 
away from this axis, these half-panels also being dis 
posed within the catalytic bed contained in the reactor 
1. The fluid then moves down inside the lower half 
panels in the form of a sheet. On leaving each lower 
half-panel, the fluid is collected in a receiving manifold 
6.4a which is connected to the central receiving mani 
fold 6.15a into which the fluid then passes. Finally, the 
fluid leaves the reactor 1 through duct 3. 
The apparatus of the second type is characterized in 

that it comprises (see FIG. 2): 
a) at least one central distributing manifold 6.1b, e.g. 

vertical, whose axis corresponds to the axis of the reac 
tor, which is situated above a central receiving manifold 
6.5b defined below and is connected to duct 2, 

b) a plurality of connecting manifolds 6.6b parallel to 
the axis of the reactor, 

c) at least one central receiving manifold 6.5b, e.g. 
vertical, whose axis corresponds to the axis of the reac 
tor, which is situated below the central distributing 
manifold 6.1b and is connected to the duct 3, 

d) a plurality of continuous, elongate, hollow plates 
6.3b intended for the flow of heat-carrying fluid, said 
plates being associated two by two, each association 
comprising two series of plates; a first series of plates 
6.3, 1b is situated above the second series, each of the 
plates of this first series 6.3, 1b being open on to a con 
necting manifold 6.6b and on to the central distributing 
manifold 6.1b; a second series of plates 6.3, 2b is situated 
below the first series of plates 6.3, 1b, each of the plates 
of this second series 6.3, 2b being situated in the exten 
sion of a plate of the first series 6.3, 1b (the plates of the 
first series not being adjacent those of the second series), 
and being open on to a connecting manifold 6.6b which 
causes each plate of this second series to communicate 
with a plate of the first series situated in its extension, 
and being open on to the central receiving manifold 
6.5b. 

In an improvement of the invention, the faces of said 
hollow plates are formed by corrugated metal sheets 
whose corrugations are chosen from one of the follow 
ing forms: square, rectangular, triangular, sinusoidal or 
herring bone pattern (see FIG. 4d). The aim is to create, 
as in the apparatus of the first type, a high turbulence in 
the flow of the heat-carrying fluid. 

In a preferred embodiment of the apparatus of the 
second type, the hollow plates are substantially parallel 
epipedic. Each plate comprises two wide parallel faces 
defining a plane disposed radially with respect to the 
axis of the reactor and four thin faces, two of them 
being parallel to the axis of the reactor, the other two 
being perpendicular to this axis. In addition, said plates 
are associated two by two, each association comprising 
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4. 
two series of plates: a first series of plates 6.3, 1b is 
situated above a second series, each of the plates of this 
first series 6.3, 1b being open, over the whole of its thin 
face parallel to the axis of the reactor and the furthest 
away from this axis, on to a connecting manifold 6.6b 
and open, over the whole of its thin face parallel to the 
axis of the reactor and the closest to this axis, on to the 
central distributing manifold 6.1b; a second series of 
plates 6.3, 2b is situated below the first series of plates 
6.3, 1b, each of the plates of this second series 6.3, 2b 
being situated in the extension of a plate of the first 
series 6.3, 1b (the plates of the first series not being 
adjacent those of the second series), being open, over 
the whole of its thin face parallel to the axis of the 
reactor and the furthest away from this axis on to a 
connecting manifold 6.6b which causes each plate of 
this second series to communicate with a plate of the 
first series situated in its extension, and being open, over 
the whole of its thin face parallel to the axis of the 
reactor and the closest to this axis, on to the central 
receiving manifold 6.5b. The thin faces of each hollow 
plate may, possibly, be not flat, but, for example, can be 
semi-cylindrical. 

In FIG. 2, given by way of example, the path of the 
heat-carrying fluid through the substantially parallelepi 
pedic hollow plates will be described: the charge enters 
reactor 1 through duct 4, passes through the catalytic 
bed contained in the reactor, then leaves said reactor 
through the duct 5. The heat-carrying fluid, for exam 
ple, autogenous (i.e. formed by one or more compo 
nents forming either the fresh charge or the reaction 
effluent) passes from duct 2 into the central distributing 
manifold 6.1b. Then the fluid penetrates into each of the 
hollow plates of the first series 6.3, 1b through their thin 
face parallel to the axis of the reactor and the closest to 
this axis, these plates being disposed in the catalytic bed 
contained in the reactor 1. The fluid moves down inside 
each plate of the first series in the form of a sheet. On 
leaving each plate of the first series, the fluid is col 
lected in a connecting manifold 6.6b which causes each 
plate of the first series 6.3, 1b to communicate with a 
plate of the second series 6.3, 2b situated in its extension. 
The fluid then penetrates into each of the hollow plates 
of the second series through their thin face parallel to 
the axis of the reactor and the furthest away from this 
axis, these plates also being disposed within the catalytic 
bed contained in the reactor 1. The fluid then moves 
down inside each plate of the second series in the form 
of a sheet. On leaving each plate of the second series, 
the fluid is collected in the central receiving manifold 
6.5b. Finally, the fluid leaves the reactor 1 through duct 
3. 

In an improvement of the invention, the apparatus of 
the second type may contain several associations of two 
series of plates, the associations being stacked along the 
axis of the reactor (see FIG. 3). In FIG. 3, two associa 
tions of two series of plates each have been shown arbi 
trarily, but the number of such associations may be 
higher. In FIG. 3, the fluid follows the path shown by 
the arrows F, and flows through two associations of 
two series of plates. This fluid thus travels twice the 
path described in FIG. 2. When the number of associa 
tions of two series of plates is equal to n, with n greater 
than 2, then the fluid travels successively n times the 
path described in FIG. 2. 

In the two types of apparatus, the presence of plates 
through which a fluid flows makes it possible to heat or 
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cool permanently a charge (separated or not from the 
fluid) treated in the reactor. 

In a variant of the invention, the hollow plates may if 
required have different widths, which makes it possible 
to maintain a minimum ratio between the reactor vol 
ume and the exchange surface, while avoiding too great 
a distance between any point of the reactor and the 
nearest plate. 
The fluid may be conveyed, for example, by drawing 

off by means of a pump (not shown in the figures) 
placed at the outlet of the reactor 1. Generally, at least 
one of the components forming the charge is either in 
the liquid state, or in a state making flow thereof possi 
ble by means of a pump (supercritical state). 

It should be noted (see FIGS. 4a, 4b and 4c) that, in 
each of the substantially parallelepipedic hollow plates, 
adjacent channels may be formed by means of corru 
gated metal sheets, the sections of the channels having 
one of the following shapes: square, rectangular 7a, 
triangular 7b or sinusoidal 7c. These channels connect 
together the two thin faces parallel to the axis of the 
reactor of the same plate. On the one hand, the presence 
of these adjacent channels ensures the strength of the 
hollow plates which may reach and exceed, for exam 
ple, ten meters in height and, on the other hand, it 
avoids the formation of dead zones (i.e. zones through 
which the fluid does not flow), which dead zones could 
be formed because of the sheet-like flow of the heat-car 
rying fluid inside the plates. 
The metal sheets may be assembled together either by 

welding, or much more economically by brazing or by 
points, or by immersion in a bath, or any other adequate 
technique. 
The metal sheets possibly used in the different em 

bodiments of the invention are generally less than 10 
mm thick, preferably less than 3 mm thick. 

In an improvement of the invention, the duct 3 for 
drawing off the heat-carrying fluid and duct 5 for draw 
ing off the reaction effluent open into the same chamber 
(not shown). This chamber is formed either inside or 
outside the reactor 1 and comprises another duct 
through which the heat-carrying fluid-reaction effluent 
mixture is withdrawn. This improvement is particularly 
used in the case of an autogenous heat-carrying fluid, 
e.g. formed from the reaction effluent. The heat-carry 
ing fluid and the reaction effluent are, at the outlet of 
reactor 1, mixed in the chamber from which they leave 
together through the drawing off duct. The reaction 
effluent is then fed to subsequent conditioning (not 
shown) while the heat-carrying fluid, after suitable ther 
mal re-adjustment, is fed into duct 2. 

In another improvement of the invention, the ducts 2 
and 4 come from the same mixing chamber where the 
fresh reaction charge and the heat-carrying fluid com 
ing from duct 3 are brought. In this case, the heat-carry 
ing fluid is autogenous and formed for example from the 
fresh charge. 
The advantage of an autogenous heat-carrying fluid 

is, on the one hand, that there is no pressure difference 
between the inside and the outside of the plates (apart 
from that created by the pressure losses due to flow of 
the fluids) and, on the other hand, that in the case of a 
leak there is no danger of pollution of the catalytic 
system. 

In another preferred embodiment of the invention, 
the central distributing manifold, the central receiving 
manifold, the receiving manifolds, the distributing man 
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6 
ifolds and the connecting manifolds may have circular 
sections so as to make the hollow plates more rigid. 

In FIGS. 1, 2 and 3, the apparatus is shown in a sub 
stantially vertical position. The flow of the heat-carry 
ing fluid and of the charge may take place from top to 
bottom, as described above, or from bottom to top. 
Similarly, the apparatus may be used in a substantially 
slanted position or in a substantially horizontal position: 
this is for example the case where, with a very long 
reactor, there is a substantial difference of the static 
pressure between the top and bottom of the reactor. 

In addition, in FIGS. 1, 2 and 3, the charge intake 
duct 4 has been shown arbitrarily at the top of reactor 1 
and the reaction effluent removal duct 5 at the base of 
the reactor 1. However, these ducts 4 and 5 may in fact 
be situated at any adequate level of the reactor. 

Each of FIGS. 1, 2 and 3 shows an axial reactor in 
which the reagents pass through the catalytic bed paral 
lel to the axis of the reactor. 
The invention also applies to a radial reactor having 

a permeable basket in the form of a cylindrical ring, for 
example defined by two coaxial cylinders, in which the 
catalyst and the hollow plates are disposed and where 
the reagents pass through the bed perpendicularly to 
the axis of the reactor. 
The apparatus of the invention may be used in endo 

thermic or exothermic hydrocarbon treatment pro 
CeSSS. 
What is claimed is: 
1. An apparatus comprising a substantially cylindrical 

reactor (1) having a substantially circular cross section, 
said reactor also having an upper part, a lower part, and 
a central axis, and said reactor being in fluid communi 
cation with a first duct (2) for introduction of heat-car 
rying fluid, at least one duct (4) for introduction of a 
charge into said reactor, a second duct (3) for removal 
of heat-carrying fluid, and at least one duct (5) for re 
moval of reaction effluent from said reactor, said appa 
ratus further comprising: 

a) a central distributing manifold (6.1a), having a 
longitudinal axis corresponding to said axis of said 
reactor, which is situated in the upper part of said 
reactor and is in fluid communication with said first 
duct (2) for introduction of heat-carrying fluid; 

b) a plurality of distributing manifolds (6.2a), each 
having a longitudinal axis parallel to said axis of 
said reactor, said distributing manifolds being indi 
vidually in fluid communication, towards their top, 
with said central distributing manifold (6.1a); 

c) a central receiving manifold (6.5a) having a longi 
tudinal axis corresponding to said axis of said reac 
tor, which is situated in said lower part of said 
reactor and is in fluid communication with said 
second duct (3) for removal of heat-carrying fluid; 

d) a plurality of receiving manifolds (6.4a), each hav 
ing a longitudinal axis parallel to said axis of said 
reactor, said receiving manifolds being individually 
in fluid communication, towards their base, with 
said central receiving manifold (6.5a) and each of 
said receiving manifolds being positioned substan 
tially along the same axis of a corresponding one of 
said plurality of distributing manifolds (6.2a), a 
sealed contact surface existing between each re 
ceiving manifold (6.4a) and its corresponding one 
of said plurality of distributing manifolds (6.2a); 

e) a plurality of connecting manifolds (6.6a), each of 
said connecting manifolds being parallel to the axes 
of said reactor, one of said plurality of receiving 
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manifolds (6.4a), and a corresponding one of said 
plurality of distributing manifolds (6.2a), each of 
said connecting manifolds being situated in a plane 
defined by said axes of said reactor, said one of said 
plurality of receiving manifolds (6.4a), and said 
corresponding one of said plurality of distributing 
manifolds (6.2a); 

f) a plurality of continuous, elongated, substantially 
parallelepipedic, hollow plates (6.3a) suitable for 
flow of heat-carrying fluid, each of said plates 
being divided, widthways, into a pair of half-panels 
(6.3, 1a; 6.3, 2a), a sealed contact surface existing 
between said half-panels of said pair, each of said 
half-panels of said pair being in fluid communica 
tion with one of said plurality of connecting mani 
folds (6.6a) thereby placing each of said half-panels 
of each of said hollow plates in fluid communica 
tion with the other half-panel of said pair, one of 
said half-panels of said pair (6.3, 1a) being in fluid 
communication with one of said plurality of distrib 
uting manifolds (6.2a) and other half-panel of said 
pair (6.3, 2a) being in fluid communication with 
said corresponding one of said plurality of receiv 
ing manifolds (6.4a). 

2. An apparatus according to claim 1, wherein said 
plurality of hollow plates are disposed within a catalyst 
bed contained in said reactor. 

3. An apparatus according to claim 1, wherein said 
plurality of hollow plates are positioned so as to be 
stationary within said reactor. 

4. Apparatus according to claim 1, wherein said reac 
tor contains a catalyst. 

5. Apparatus according to claim 4, wherein said cata 
lyst is solid. 

6. An apparatus according to claim 1, wherein said 
hollow plates are formed by corrugated metal sheets 
whose corrugations are selected from the group of 
shapes consisting of rectangular, triangular, sinusoidal 
and herring bone pattern. 

7. An apparatus according to claim 6, wherein said 
corrugated metal sheets are less than 10 mm thick. 

8. An apparatus according to claim 6, wherein said 
corrugated metal sheets are less than 3 mm thick. 

9. An apparatus according to claim 6, wherein each 
central distributing manifold (6.1a), each central receiv 
ing manifold (6.5a), each distributing manifold (6.2a) 
each receiving manifold (6.4a) and each connecting 
manifold (6.6a) have a circular cross section. 

10. An apparatus according to claim 6, wherein said 
corrugation is of a rectangular shape. 

11. An apparatus according to claim 1, wherein each 
of said hollow plates comprises two wide parallel faces, 
defining a plane disposed radially with respect to said 
axis of said reactor, and four thin faces, two of said four 
thin faces being parallel to said axis of said reactor and 
the other two of said four thin faces being perpendicular 
to said axis of said reactor, said pair of half-panels of 
each of said hollow plates being in fluid communication, 
over the whole of their thin face which is parallel to said 
axis of said reactor and is furthest away from said axis of 
said reactor, with a connecting manifold (6.6a), thereby 
placing said half-panels of said pair (6.3, 1a) and 6.3, 2a) 
in fluid communication with each other, one of said 
half-panels (6.3, 1a) being in fluid communication, over 
the whole of its thin face which is parallel to said axis of 
said reactor and is closest to said axis of said reactor, 
with one of said distributing manifolds (6.2a) and the 
other half-panel (6.3, 2a) being in fluid communication, 
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8 
over the whole of its thin face which is parallel to said 
axis of said reactor and is closest to said axis of said 
reactor, with a corresponding one of said plurality of 
receiving manifolds (6.4a). 

12. An apparatus according to claim 11, wherein 
adjacent channels are formed in each of said hollow 
plates by corrugated metal sheets, said channels con 
necting together said two thin faces parallel to said axis 
of said reactor of each of said plates, the sections of said 
channels being selected from the group of shapes con 
sisting of: rectangular, triangular and sinusoidal. 

13. An apparatus according to claim 12, wherein 
cross sections of said channels are of a rectangular 
shape. 

14. An apparatus comprising a substantially cylindri 
cal reactor (1) having a substantially circular cross sec 
tion and a central axis and said reactor being in fluid 
communication with a first duct (2) for introduction of 
heat-carrying fluid, a second duct (3) for removal of 
heat-carrying fluid, at least one duct (4) for introduction 
of a charge into said reactor and at least one duct (5) for 
removal of reaction affluent from said reactor, said 
apparatus further comprising: 

a) a central distributing manifold (6.1b) having a lon 
gitudinal axis corresponding to said axis of said 
reactor, and which is in fluid communication with 
said first duct (2) for introduction of heat-carrying 
fluid; 

b) a plurality of connecting manifolds (6.6b) parallel 
to said axis of said reactor; 

c) a central receiving manifold (6.5b) having a longi 
tudinal axis corresponding to said axis of said reac 
tor, and which is in fluid communication with said 
second duct (3) for removal of heat-carrying fluid; 

d) a first plurality of hollow plates for providing flow 
of said heat-carrying fluid, each of said first plural 
ity of hollow plates being in fluid communication 
with said central distributing manifold; and 
a second plurality of hollow plates for providing 
flow of said heat-carrying fluid, each of said second 
plurality of hollow plates being in fluid communi 
cation with said central receiving manifold, each of 
said second plurality of hollow plates further being 
disposed below and substantially parallel with a 
corresponding one of said first plurality of hollow 
plates; 

wherein each of said plurality of connecting mani 
folds are in fluid communication with one of said 
second plurality of hollow plates and said corre 
sponding one of said first plurality of hollow plates, 
each of said first plurality of plates radially extend 
ing from said central distributing manifold to one 
of said connecting manifolds, each of said second 
plurality of plates extending from said central re 
ceiving manifold to one of said connecting mani 
folds. 

15. An apparatus according to claim 14, wherein each 
central distributing manifold (6.1b), each central receiv 
ing manifold (6.5b), and each connecting manifold 
(6.6b) have a circular cross section. 

16. An apparatus according to claim 14, wherein said 
first and second pluralities hollow plates are disposed 
within a catalyst bed contained in said reactor. 

17. An apparatus according to claim 14, wherein said 
plurality of hollow plates are positioned so as to be 
stationary within said reactor. 

18. An apparatus according to claim 14, wherein the 
faces of said hollow plates are substantially formed by 

e) 



5,035,867 
9 

corrugated metal sheets whose corrugations are se 
lected from the group of shapes consisting of rectangu 
lar, triangular, sinusoidal and herring bone pattern. 

19. An apparatus according to claim 18, wherein said 
corrugated metal sheets are less than 10 mm thick. 

20. Apparatus according to claim 18, wherein said 
corrugated metal sheets are less than 3 mm thick. 

21. An apparatus according to claim 18, wherein said 
corrugations are of a rectangular shape. 

22. An apparatus according to claim 14, wherein each 
of said hollow plates comprises two parallel faces, de 
fining a plane disposed radially with respect to said axis 
of said reactor, and four thin faces, two of said four thin 
faces being parallel to said axis of said reactor, the other 
two of said four faces being perpendicular to said axis of 
said reactor, each of said plates of said first plurality of 
hollow plates (6.3, 1b) being in fluid communication, 
over the whole of its thin face which is parallel to said 
axis of said reactor and is furthest away from said axis of 
said reactor, with a connecting manifold (6.6b) and 
being in fluid communication, over the whole of its thin 
face which is parallel to said axis of said reactor and is 
closest to said axis of said reactor, with said central 
distributing manifold (6.1b), each of said plates of said 
second plurality of hollow plates (6.3, 2b) being in fluid 
communication, over the whole of its thin face which is 
parallel to said axis of said reactor and is furthest away 
from said axis of said reactor, with one of said connect 
ing manifolds (6.6b) thereby placing each plate of said 
second plurality of hollow plates in fluid communica 
tion with a corresponding plate of said first plurality of 
hollow plates, each plate of said second plurality of 
hollow plates also being in fluid communication, over 
the whole of its thin face which is parallel to said axis of 
said reactor and is closest to said axis of said reactor, 
with said central receiving manifold (6.5b). 

23. An apparatus according to claim 22, wherein 
adjacent channels are formed in each of said hollow 
plates by corrugated metal sheets, said channels con 
necting together said two thin faces parallel to said axis 
of said reactor of each of said plate, the sections of said 
channels being selected from the group of shapes con 
sisting of square, rectangular, triangular and sinusoidal. 

24. An apparatus according to claim 23, wherein 
cross sections of said channels are of a rectangular 
shape. 

25. An apparatus comprising a substantially cylindri 
cal reactor having a substantially circular cross section, 
a central axis, a first duct for introduction of heat-carry 
ing fluid, a second duct for removal of heat-carrying 
fluid, at least one duct for introduction of a reactor 
charge, and at least one duct for removal of a reaction 
effluent, said apparatus further comprising: 

a) a central distributing manifold having a longitudi 
nal axis, said longitudinal axis of said central dis 
tributing manifold being disposed along said axis of 
said reactor, said central distributing manifold 
being in fluid communication with said first duct; 

b) a plurality of connecting manifolds, each one of 
said plurality of connecting manifolds being paral 
lel to said axis of said reactor; 

c) a central receiving manifold having a longitudinal 
axis, said longitudinal axis of said central receiving 
manifold being disposed along said axis of said 
reactor, said central receiving manifold being in 
fluid communication with said second duct; 

d) a first plurality of hollow plates for providing flow 
of heat-carrying fluid, each of said first plurality of 
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10 
hollow plates being in fluid communication with 
said central distributing manifold; and 

e) a second plurality of hollow plates for providing 
flow of heat-carrying fluid, each of said second 
plurality of hollow plates being in fluid communi 
cation with said central receiving manifold, each of 
said second plurality of hollow plates further being 
disposed below and substantially parallel with a 
corresponding one of said first plurality of hollow 
plates; 
wherein each of said plurality of connecting mani 

foids is in fluid communication with one of said 
second plurality of hollow plates and with said 
corresponding one of said first plurality of hol 
low plates; and 

further wherein said first and second pluralities of 
hollow plates, said plurality of connecting mani 
folds, said central distributing manifold, and said 
central receiving manifold form an association, 
said apparatus further comprising a plurality Öf 
said associations, said associations being stacked 
along said axis of said reactor, said central re 
ceiving manifold of each of said plurality of asso 
ciations being in fluid communication with the 
central distributing manifold of an adjacent one 
of said plurality of associations. 

26. In a heat transfer process wherein said process is 
conducted in a reactor comprising a catalyst bed and 
means for heat transfer, the improvement comprising: 

said process being conducted in a substantially cylin 
drical reactor (1) having a substantially circular 
cross section, said reactor also having an upper 
part, a lower part, and a central axis, and said reac 
tor being in fluid communication with a first duct 
(2) for introduction of heat-carrying fluid, at least 
one duct (4) for introduction of a charge into said 
reactor, a second duct (3) for removal of heat-car 
rying fluid, and at least one duct (5) for removal of 
reaction effluent from said reactor, said apparatus 
further comprising: 

a) a central distributing manifold (6.1a), having a 
longitudinal axis corresponding to said axis of said 
reactor, which is situated in the upper part of said 
reactor and is in fluid communication with said first 
duct (2) for introduction of heat-carrying fluid; 

b) a plurality of distributing manifolds (6.2a), each 
having a longitudinal axis parallel to said axis of 
said reactor, said distributing manifolds being indi 
vidually in fluid communication, towards their top, 
with said central distributing manifold (6.1a); 

c) a central receiving manifold (6.5a) having a longi 
tudinal axis corresponding to said axis of said reac 
tor, which is situated in said lower part of said 
reactor and is in fluid communication with said 
second duct (3) for removal of heat-carrying fluid; 

d) a plurality of receiving manifolds (6.4a), each hav 
ing a longitudinal axis parallel to said axis of said 
reactor, said receiving manifolds being individually 
in fluid communication, towards their base, with 
said central receiving manifold (6.5a) and each of 
said receiving manifolds being positioned substan 
tially along the same axis of a corresponding one of 
said plurality of distributing manifolds (6.2a), a 
sealed contact surface existing between each re 
ceiving manifold (6.4a) and its corresponding one 
of said plurality of distributing manifolds (6.2a); 

e) a plurality of connecting manifolds (6.6a), each of 
said connecting manifolds being parallel to the axes 



5,035,867 
11 

of said reactor, one of said plurality of receiving 
manifolds (6.4a), and a corresponding one of said 
plurality of distributing manifolds (6.2a), each of 
said connecting manifolds being situated in a plane 
defined by said axes of said reactor, said one of said 
plurality of receiving manifolds (6.4a), and said 
corresponding one of said plurality of distributing 
manifolds (6.2a); 

f) a plurality of continuous, elongated, substantially 
parallelepipedic, hollow plates (6.3a) suitable for 
flow of heat-carrying fluid, each of said plates 
being divided, widthways, into a pair of half-panels 
(6.3, 1a; 6.3, 2a), a sealed contact surface existing 
between said half-panels of said pair, each of said 
half-panels of said pair being in fluid communica 
tion with one of said plurality of connecting mani 
folds (6.6a) thereby placing each of said half-panels 
of each of said hollow plates in fluid communica 
tion with the other half-panel of said pair, one of 
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said half-panels of said pair (6.3, 1a) being in fluid 
communication with one of said plurality of distrib 
uting manifolds (6.2a) and other half-panel of said 
pair (6.3, 2a) being in fluid communication with 
said corresponding one of said plurality of receiv 
ing manifolds (6.4a) wherein said reactor contains a 
catalyst, 
and wherein a heat-carrying fluid is introduced into 

said reactor via said first duct for the introduc 
tion of heat-carrying fluid, said heat-carrying 
fluid is removed from said reactor via said sec 
ond duct for the removal of heat-carrying fluid, 
a fluid charge is introduced into said reactor via 
said at least one duct for the introduction of a 
charge, and reactor effluent is removed from 
said reactor via said at least one duct for removal 
of reaction effluent. 
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